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Description 

This invention relates to optical biosensors for de- 
termining analytes in solution, in particular to resonant 
optical biosensors. s 

Many devices for the automatic determination of bi- 
ochemical analytes in solution have been proposed in 
recent years. Typically, such devices (biosensors) in- 
clude a sensitised coating layer which is located in the 
evanescent region of a resonant field. Detection of the 
analyte typically utilizes optical techniques such as, for 
example, surface plasmon resonance, ana* is based on 
changes in the thickness and/or refractive index of the 
coating layer resulting from interaction of that layer with 
the analyte. This causes a change, eg in the angular 
position of the resonance. 

One of the techniques which has been suggested 
for use in optical biosensors is frustrated total reflection. 
The principles of frustrated total reflection (FTR) are 
well-known; the technique is described, for example, by 
Bosacchi and Oehrte [Applied Optics (1982), SM, 
2167-2173]. An FTR device for use in immunoassay is 
disclosed in US Patent 4,857,273 and comprises a cav- 
ity layer bounded on one side by the sample under in- 
vestigation and on the other side by a spacer layer which 
in turn is mounted on a substrate. The substrate-spacer 
layer interface is irradiated with monochromatic radia- 
tion such that total reflection occurs, the associated ev- 
anescent field penetrating through the spacer layer. If 
the thickness of the spacer layer is correct and the inci- 
dent parallel wave vector matches one of the resonant 
mode propagation constants, the total reflection is frus- 
trated and radiation is coupled into the cavity layer. The 
cavity layer must be composed of material which has a 
higher refractive index than the spacer layer and which 
is transparent at the wavelength of the incident radia- 
tion. 

More recently, FTR biosensors have been de- 
scribed [see, for example, PCT Patent Application 
WO90/06503] in which the cavity layer is a thin film of 
relatively high refractive index material. Particularly in 
such cases it is generally desirable, for ease of handling, 
that the cavity layer be supported on a substrate, eg a 
glass chip or slide. 

A problem which is encountered with devices of this 
kind is related to the need to couple the exciting radiation 
into the substrate. This is conventionally performed by 
. mounting the substrate on a glass prism or lens to which 
an appropriate thin layer of index-matching coupling 
agent, such as oil, water or glycerol, has been applied. 
Such devices are disclosed in, for example, British Pat- 
ent Application No. 2197065 and European Patent Ap- 
plication No. 305109. Clearly, for routine applications 
the necessity of applying such a fluid to the surface of 
the prism before placing the substrate in position is a 
considerable disadvantage which considerably increas- 
es the chances of mistakes being made in the measure- 
ment, either through misuse of the apparatus or as a 
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result of contamination of the oil, and hence of errone- 
ous results being obtained. Also, the level of skill re- 
quired of the operator of the device is much greater than 
would otherwise be the case. 

We have now devised an improved form of resonant 
optical biosensor which overcomes or substantially mit- 
igates the above disadvantages. 

Thus according to the invention there is provided a 
sample cell for use in the qualitative or quantitative de- 
termination of an analyte, according to claim 1 . 

The device according to the invention is advanta- 
geous inter alia in that positioning of the sample cell in 
the detection apparatus does not require the application 
of an index-matching agent such as oil. The ease of use 
of the apparatus is thereby greatly increased and the 
potential for errors occurring as a result of misuse cor- 
respondingly reduced. The elimination of the require- 
ment for the use an index-matching agent is also advan- 
tageous in that such materials are commonly toxic. 

It is preferred that the resonant optical biosensor be 
accommodated at an upper portion of the transparent 
block, the optical coupling means being formed integral- 
ly in a lower portion of the block. By ■accommodated" is 
not necessarily meant that the biosensor is enclosed 
within the block or located in a well therein; the biosen- 
sor may, for example, be formed on a generally flat sur- 
face of the block. Similarly, by "sample cell" is not nec- 
essarily meant a container or well which holds a sample 
under test; the cell could, for example have a generally 
flat top surface to which a drop of sample is applied. 

For routine applications it is envisaged that the sam- 
ple cell would be a disposable unit, the cell being easily 
mounted on the detection apparatus and removed and 
discarded after use. 

The transparent block may be of any suitable ma- 
terial which is transparent to the incident and reflected 
radiation ie which shows little or no absorptivity at the 
wavelength (s) of the incident radiation. For ease of man- 
ufacture, the preferred transparent materials are clear 
plastics. Suitable such plastics materials will be readily 
apparent to those skilled irt the art. 

The resonant optical biosensor will generally com- 
prise 

a) a cavity layer of transmissive dielectric material 
of refractive index n 3 , 

b) a dielectric substrate of refractive index n 1 , and 

c) interposed between the cavity layer and the sub- 
strate, a dielectric spacer layer of refractive index 
n 2 , 

the arrangement being such that, when the interface be- 
tween the substrate and the spacer layer is irradiated 
with light such that total reflection occurs, the total re- 
flection may be frustrated by the propagation of a reso- 
nant guided mode within the cavity layer. 

In this context, 'light' may include not only visible 
light but also wavelengths above and below this range, 
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eg in the ultraviolet and infra-red. 

Resonant propagation of a guided mode in the cav- 
ity layer will occur, for a given wavelength, at a particular 
angle of incidence of the exciting radiation. Thus, two 
basic measurement approaches are possible: scanning 
the angle of incidence at fixed wavelength or scanning 
the wavelength at a fixed angle of incidence. The former 
approach, using monochromatic radiation, is preferred 
since it allows the use of a laser source, simplifying the 
problem of optical collimation, and avoids dispersion ef- 
fects, thereby simplifying the analysis of the results. 

The angular position of the resonant effect depends 
on various parameters of the biosensor device, such as 
the refractive indices and thicknesses of the various lay- 
ers. In general, it is a pre-requisite that the refractive 
index n 3 of the cavity layer and the refractive index n 1 
of the substrate should both exceed the refractive index 
n 2 of the spacer layer. Also, since at least one mode 
must exist in the cavity to achieve resonance, the cavity 
layer must exceed a certain minimum thickness. 

The cavity layer is preferably a thin-film of dielectric 
material. Suitably transmissive dielectric materials for 
the cavity layer include zirconium dioxide, titanium diox- 
ide, aluminium oxide and tantalum oxide. 

The cavity layer may be prepared by known tech- 
niques, eg vacuum evaporation, sputtering, chemical 
vapour deposition or indiffusion. 

The dielectric spacer layer must also be suitably 
transmissive to the incident radiation and must have a 
lower refractive index than both the cavity layer and the 
substrate. The layer may, for example, comprise an 
evaporated or sputtered layer of magnesium fluoride. In 
this case an infra-red light injection laser may be used 
as light source. The light from such a source typically 
has a wavelength around 800 nm. Other suitable mate- 
rials include lithium fluoride and silicon dioxide. Apart 
from the evaporation and sputtering techniques men- 
tioned above, the spacer layer may be deposited on the 
substrate by a sol-gel process, or be formed by chemical 
reaction with the substrate. 

The sol-gel process is particularly preferred where 
the spacer layer is of silicon dioxide. 

The refractive index of the substrate (n^ must be 
greater than that (n^ of the spacer layer but the thick- 
ness of the substrate is generally not critical to the per- 
formance of the invention. 

By contrast, the thickness of the cavity layer must 
. be so chosen that resonance occurs within an appropri- 
ate range of coupling angles. The spacer layer will typ- 
ically have a thickness of the order of several hundred 
nanometres, say from about 200nm to 2000nm, more 
preferably 500 to 1500nm, eg 1000nm. The cavity layer 
typically has a thickness of a few tens of nanometres, 
say 10 to 200nm, more preferably 30 to 150nm, eg 
100nm. 

It is particularly preferred that the cavity layer has a 
thickness of 30 to 1 50nm and comprises a material se- 
lected from zirconium dioxide, titanium dioxide, tanta- 



lum oxide and aluminium oxide, and the spacer layer 
has a thickness of 500 to 1500nm and comprises a ma- 
terial selected from magnesium fluoride, lithium fluoride 
and silicon dioxide, the choice of materials being such 
5 that the refractive index of the spacer layer is less than 
that of the cavity layer. 

Preferred materials for the cavity layer and the 
spacer layer are tantalum oxide and silicon dioxide re- 
spectively. 

The cavity layer is generally sensitised by having 
biomolecules, eg specific binding partners for the ana- 
lytes under test, immobilised upon it. Suitable such bind- 
ing partners and methods for their immobilisation will be 
apparent to those skilled in the art. Each cavity layer 
may carry more than one sensitised area and each such 
area may be sensitised to the same analyte or different 
analytes. 

One form of optical coupling means which may be 
formed integrally in the transparent block is a grating. 

The grating may be formed in a surface of the sub- 
strate opposite to that adjacent the spacer layer, or in 
an additional component bonded to that surface. The 
grating may, for example, be formed in a thin adhesive 
layer affixed to that opposite surface. In this case, the 
substrate may constitute, or be part of, the transparent 
block. 

Alternatively, the grating may be formed in the ex- 
ternal surface of a separate transparent block to which 
the substrate is affixed. In this case, the transparent 
block is preferably a moulded article, eg of plastics ma- 
terial. 

An alternative, and preferred, form of optical cou- 
pling means is a prism. The prism preferably forms part 
of a moulded article, eg of plastics. The prism may have 
any conventional form, eg triangular, trapezoidal, rec- 
tangular or hemicylindrical. 

A sample well formed in the transparent block may 
act as a metering chamber. Ducts may be formed in the 
device along which sample may be conveyed to the 
sample well. Flow of the sample into the well may be 
facilitated by appropriate surface treatment, eg coating 
with a wetting agent. 

Where the resonant optical biosensor is accommo- 
dated within or on a moulded article, the substrate of the 
biosensor may be a chip of, for example, glass. This is 
preferably bonded to the moulded article, for instance 
at the base of a sample well formed therein, by means 
of a refractive index matching adhesive or fluid. 

As an alternative, the moulded article may itself 
constitute the substrate of the biosensor, the spacer lay- 
er and the cavity layer being deposited directly on the 
surface of the moulded article. This arrangement has 
the advantages of simplicity of manufacture and com- 
plete elimination of any need for potentially harmful in- 
dex-matching agents. 

As well as accommodating the resonant optical bi- 
osensor, the moulded article may include features de- 
fining a sample well and may be appropriately shaped 
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to facilitate handling. 

In a particularly preferred embodiment the sample 
cell comprises a moulded transparent block upon which 
are coated the spacer layer and cavity layer of a reso- 
nant optical biosensor, the block fitting (eg by a snap- 
fit) a housing in which is formed a sample entry port, a 
sample chamber or duct being defined between the 
block and the housing. 

Blocks, eg prisms, for coating with the spacer layer 
and the cavity layer are preferably moulded as a wafer 
comprising a plurality of such blocks f rangibly connect- 
ed at their edges. The layers are preferably applied to 
the surface of the wafer and the individual blocks then 
separated. 

The sample cell according to the invention will gen- 
erally form part of, or be used in association with, an 
apparatus comprising a light source and suitable detec- 
tion means. The sample cell may be located in an aper- 
ture in the housing of such apparatus. Suitable keying 
means may be provided to ensure proper positioning of 
the sample cell. 

Any convenient source of radiation may be used as 
the source of the incident light but, as noted above, it is 
preferable to use monochromatic radiation and the most 
convenient source of such radiation is a laser. The 
choice of laser will depend inter alia on the materials 
used for the various layers of which some examples 
have already been given. 

The scanning of angle may be performed either se- 
quentially or simultaneously ie by varying the angle of 
incidence of a parallel beam of light or by simultaneously 
irradiating over a range of angles using a fan-shaped 
beam of light as described (in connection with surface 
plasmon resonance) in European Patent Application 
No. 03051 09A. In the former case, a single-channel de- 
tector may be used which is mechanically scanned over 
a range of angles; in the latter case, in which a range of 
angles is irradiated simultaneously, it will generally be 
necessary to use a multi-channel detector having angu- 
lar resolution. 

At resonance, the incident light is coupled into the 
cavity layer by FTR, propagates a certain distance along 
the cavity layer, and couples back out (also by FTR). 
The propagation distance depends on the various de- 
vice parameters but is typically of the order of 1 or 2mm. 

In general, at resonance, the reflected light will un- 
dergo a phase change and it may be the angular position 
_ at which this phase change occurs which is detected. 

Changes on the surface of the cavity layer, eg bind- 
ing of antigen to immobilised antibody, cause changes 
in the thickness of the layer of immobilised biochemicals 
and hence shift the angular position of the resonance. 

In some formats, there may also be a reduction in 
the intensity of the reflected light, eg if the immobilised 
species are absorbing at the wavelength of the incident 
radiation. In this case, this reduction in intensity may be 
used to monitor the binding processes. 

The invention will now be described in more detail, 



by way of illustration only, with reference to the accom- 
panying drawings in which: 

Figure 1 is plan view of a sample cell according to 
5 the invention, 

Figure 2 is an end elevation of the sample cell of 
Figure 1, 

w Figure 3 is a sectional view along III - III in Figure 1 
showing the sample cell positioned within the hous- 
ing of an analytical device, 

Figure 4 is a view corresponding to Figure 3 of a 
is second embodiment of sample cell according to the 
invention, 

Figure 5 is a view corresponding to Figure 3 of a 
third embodiment, 

20 

Figure 6 is a view corresponding to Figure 3 of a 
fourth embodiment, 

Figure 7 is a sectional view of a fifth embodiment in 
2S which a resonant optical biosensor is formed 
directly on the surface of a moulded prism which is 
snap-fitted to a housing, and 

Figure 8 is a perspective view of a wafer used in the 
30 manufacture of the prism of Figure 7. 

Referring first to Figures 1 to 3, a disposable sample 
cell for use in the determination of a biochemical analyte 
in solution comprises a moulded plastics block 1 defin- 
es ing a well 2 of square cross section. The block 1 is pro- 
vided at one end with a handle 3 for ease of handling. 
As shown in Figure 3, located within the well 2 and bond- 
ed to the base of the well 2 by a layer of refractive index 
matching adhesive or fluid 4 is a resonant optical bio- 
40 sensor 5, 6, 7, 8. 

The biosensor comprises a glass chip 5 approxi- 
mately 10 mm square and having a thickness of approx- 
imately 1 mm. A spacer layer 6 of silicon dioxide is 
formed on the upper surface of the glass chip 5 and has 
45 a thickness of approximately 700nm. Formed on the 
spacer layer 6 is a cavity layer 7 of zirconium dioxide 
(approximate thickness 40nm). The lamella structure is 
completed by a layer of immobilised biochemical spe- 
cies 8, the nature of which depends on the assay tech- 
50 nique to be performed. The thicknesses of the various 
layers are shown only schematically in the various Fig- 
ures, and not to scale. 

As can be seen from Figures 2 and 3, the lower por- 
tion of the block 1 is formed as a trapezoidal prism 9. 
55 in use, the sample cell is located as shown in Figure 
3 in an aperture in the housing 10 of an analytical appa- 
ratus containing appropriate irradiation and detection 
apparatus. A beam of monochromatic radiation from a 
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laser (not shown) is incident upon the sample cell along 
the line of arrow A in Figure 3. The radiation is coupled 
into the biosensor by the prism 9 and is totally internally 
reflected at the interface between the glass chip 5 and 
the spacer layer 6. At a particular angle of incidence, the 
reflection is frustrated by resonant coupling of radiation 
into the cavity layer 7, which has a higher refractive in- 
dex than either of the layers 6, 8 below and above it and 
therefore acts as a resonant cavity. At this angle the re- 
flected radiation (arrow B in Figure 3) undergoes a 
phase change. 

The phase of the reflected radiation is monitored as 
a function of angle by a suitable detector (not shown) 
and the angle at which resonance occurs determined. 
After a sample containing the anatyte under test is con- 
tacted with the layer of immobilised biochemical species 
8. the thickness and/or refractive index of that layer is 
altered, resulting in a change in the angular position of 
the resonance. The rate and/or extent of this change is 
monitored, providing a qualitative and quantitative indi- 
cation of the presence of analyte in the sample. 

Figure 4 shows an alternative embodiment in which 
the prism 49 is hemicylindrical. 

In the sample ceil shown in Figure 5, radiation is 
coupled into and out of the sample cell by means of an 
input grating 51 and an output grating 52, both of which 
are formed in the under surface of the transparent block. 

Figure 6 shows a further embodiment employing 
gratings to couple radiation into and out of the biosensor. 
This embodiment differs from that of Figure 5 in that the 
first and second gratings 61 , 62 are provided not in the 
underside of the block but in a layer of film 63 affixed to 
the underside of the glass chip 64. 

Apertures 65, 66 are provided in the block below 
the glass chip 65 to permit entry and exit of radiation. 

In the embodiment of Figure 7, a trapezoidal prism 
71 is moulded from clear plastics material and is coated 
with a layer of silicon dioxide 72 of approximate thick- 
ness 700 nm, a layer of zirconium dioxide 73 of approx- 
imate thickness 40nm and a layer of immobilised bio- 
chemicals 74. The layers 72, 73 constitute the spacer 
layer and cavity layer respectively of a resonant optical 
biosensor. 

The coated prism 71 is snap-fitted into a plastics 
housing 76 in which are formed a sample entry port 77 
connected to a capillary duct 78 formed between the up- 
per surface of the coated prism 71 and the lower surface 
_ of the housing 76 which terminates at a sample trap 79. 
An air outlet 80 is provided in the sample trap 79. 

In use, the assembled unit 71, 76 is located in an 
aperture in the housing of an appropriate apparatus. 
The lower surface of the spacer layer 72 is irradiated 
with a beam of monochromatic radiation from a laser 
(not shown), total internal reflection occurring. The an- 
gular position of the resonance is determined as de- 
scribed previously. 

A patient's fingertip is punctured and a drop of blood 
expressed. The fingertip is inserted into the entry port 



77 to transfer the drop of blood thereto. The blood is 
conducted along the duct 78 by capillary action from the 
entry port 77 across the surface of the coated prism 71 , 
the excess sample being collected in the sample trap 
5 79. The extent and/or rate of change of the angular po- 
sition of resonance is monitored as described previous- 
ly- 

Figure 8 shows a wafer 81 of transparent prisms 
used in the manufacture of the block 71 of Figure 7. The 

10 wafer 81 is moulded as a generally square assembly of 
3x3 trapezoidal prisms f rangibfy connected by relative- 
ly thin connecting sections 83 such that one surface 84 
of the wafer 81 is generally flat. The layers 72, 73, 74 of 
material forming an optical biosensor are applied suc- 

75 cessively to the flat surface 84 and the individual prisms 
separated and fitted into housings 76. 



Claims 

20 

1. A sample cell for use in the qualitative or quantita- 
tive determination of an analyte, comprising a trans- 
parent block accommodating a resonant FTR- 
based optical biosensor, which biosensor com- 

2S prises 

a) a cavity layer of transmissive dielectric mate- 
rial of refractive index n 3 , 

b) a dielectric substrate of refractive index n v 
30 and 

c) interposed between the cavity layer and the 
substrate, a dielectric spacer layer of refractive 
index n 2 , 

35 the arrangement being such that, when the inter- 
face between the substrate and the spacer layer is 
irradiated with light such that total reflection occurs, 
the total reflection may be frustrated by the propa- 
gation of a resonant guided mode within the cavity 

40 layer, and the transparent block having formed inte- 
grally therein optical coupling means to couple light 
into the biosensor. 

2. A sample cell according to claim 1 , wherein the opti- 
45 cal biosensor is accommodated at an upper portion 

of the block and the optical coupling means is 
formed integrally in a lower portion of the block. 

3. A sample cell according to claim 1 or claim 2, which 
so js a disposable unit. 

4. A sample cell according to any one of the preceding 
claims, in which the transparent block is of clear 
plastics material. 

55 

5. A sample cell according to any one of the preceding 
claims, in which the optical biosensor comprises a 
thin-film cavity layer of dielectric material. 
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6. A sample cell according to any one of the preceding 
claims, in which the optical coupling means is a 
prism. 

7. A sample cell according to any one of claims 1 to 5, 
in which the optical coupling means is a grating. 

8. A sample cell according to any one of the preceding 
claims, in which the transparent block is, or is part 
of, a moulded article. 

9. A sample cell according to claim 8, in which the 
moulded article constitutes the substrate of the opti- 
cal biosensor. 

1 0. A sample cell according to any one of the preceding 
claims, which comprises a moulded transparent 
block upon which are coated the spacer layer and 
cavity layer of a resonant optical biosensor, the 
block fitting a housing In which is formed a sample 
entry port, a sample chamber or duct being defined 
between the block and the housing. 

11. A method of manufacturing a sample cell according 
to any one of the preceding claims, which method 
comprises the steps of 

a) moulding from a plastics material of refrac- 
tive index n 1 a wafer comprising a plurality of 
transparent blocks frangibiy connected at their 
edges, 

b) applying a layer of dielectric material of 
refractive index of thickness 200 to 2000nm 
to the surface of the wafer, n 2 being lower than 

"i 

c) applying a layer of dielectric material of 
refractive index n 3 , n 3 being greater than n 2 , to 
the same surface of the wafer, and 

d) separating the individual transparent blocks. 

12. A method according to claim 11 , in which the blocks 
are in the form of prisms. 



Paten tansprOohe 

1. Probenzelle zur Verwendung bei der qualitativen 
oder quantitativen Bestimmung eines Analyten, mit 
einem lichtdurchlassigen Block, der einen auf dem 
Prinzip der verhinderten Totalreflexion (FTR) basie- 
renden optischen Resonanz-Biosensor aufnimmt, 
wobei der Biosensor aufweist: 

a) eine Hohlraumschicht aus lichtdurchlassi- 
gem dielektrischem Material mit einer Brech- 
zahl n 3 . 

b) ein dielektrisches Substrat mit einer Brech- 
zahl n, , und 



c) eine zwischen der Hohlraumschicht und dem 
Substrat eingesetzte dielektrische Abstands- 
schicht mit einer Brechzahl 

5 wobei die Anordnung so gewahlt ist, daS bei 

einer zur Totalreflexion f uhrenden Lichteinstrahlung 
auf die Grenzflache zwischen Substrat und 
Abstandsschicht die Totalreflexion durch die Aus- 
breitung einer gef uhrten Resonatormode innerhalb 

10 der Hohlraumschicht verhindert werden kann, 

und wobei in dem lichtdurchlassigen Block 
eine optische Kopplungseinrichtung zum Einkop- 
peln von Licht in den Biosensor integriert ist. 

15 2. Probenzelle nach Anspruch 1, wobei der optische 
Biosensor in einem oberen Abschnitt des Blocks 
untergebracht ist und die optische Kopplungsein- 
richtung in einem unteren Abschnitt des Blocks inte- 
griert ist. 

20 

3. Probenzelle nach Anspruch 1 oder 2, die eine Ein- 
wegeinheit ist. 

4. Probenzelle nach einem der vorhergehenden 
25 Anspruche, wobei der lichtdurchlassige Block aus 

durchsichtigem Kunststoff besteht. 

5. Probenzelle nach einem der vorhergehenden 
Anspruche, wobei der optische Biosensor eine als 

30 DGnnschicht ausgebildete Hohlraumschicht aus 
dielektrischem Material aufweist. 

6. Probenzelle nach einem der vorhergehenden 
Anspruche, wobei die optische Kopplungseinrich- 

35 tung ein Prisma ist. 

7. Probenzelle nach einem der Anspruche 1 bis 5, 
wobei die optische Kopplungseinrichtung ein Gitter 
ist. 

40 

8. Probenzelle nach einem der vorhergehenden 
Anspruche, wobei der lichtdurchlassige Block ein 
Formkdrper oder Teil eines Formkorpers ist. 

45 9. Probenzelle nach Anspruch 8, wobei der Formkdr- 
per das Substrat des optischen Biosensors bildet. 

10. Probenzelle nach einem der vorhergehenden 
Anspruche, die einen geformten lichtdurchlassigen 

so Block aufweist, auf dem die Abstandsschicht und 
die Hohlraumschicht eines optischen Resonanz- 
# Biosensors aufgebracht sind, wobei der Block in ein 
Gehause pa6t, in dem eine Probeneintrittsoffnung, 
eine Probenkammer Oder ein Probenkanal zwi- 

55 schen dem Block und dem Gehause abgegrenzt 
sind. 

11. Verfahren zur Herstellung einer Probenzelle nach 
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